Background: Combination antipsychotics (CAs) are prescribed in schizophrenia despite limited evidence of efficacy. To explore the effect of switching from CA to monotherapy, we performed an exploratory analysis of the PROACTIVE (Preventing Relapse in Schizophrenia: Oral Antipsychotics Compared with Injectables: Evaluating Efficacy) study data, in which 305 patients with schizophrenia and schizoaffective disorder were followed for 30 months after randomization to long-acting injectable (LAI) risperidone or second-generation oral antipsychotic (OA).
C ombination antipsychotics (CAs) are prescribed in 10% to 30% cases of schizophrenia notwithstanding the risks and limited evidence of efficacy. [1] [2] [3] The American Psychiatric Association Schizophrenia Patient Outcomes Research Team and the UK National Institute for Health and Clinical Excellence treatment guidelines for schizophrenia do not offer guidance beyond clozapine augmentation. [4] [5] [6] [7] The Texas Medication Antipsychotic Algorithm mentions that 2 antipsychotics with different receptor profiles can be used after failure of clozapine combination with either a first-or second-generation antipsychotic. 8 Royal Australian and New Zealand College of Psychiatrists guidelines for schizophrenia management 9 cautiously recommend CA for patients who fail clozapine and advise careful monitoring owing to high risk for adverse effects, increased hospitalizations, and increased mortality. The rate of CA prescribing in schizophrenia varied from 15% to 55% in the United States in 2002, 1 to 17% to 31% in a sample from the Danish health registry, 10 30.7% in Norway, 11 and 19.6% in a review of studies published worldwide between 1970 and 2009. 12 Combination antipsychotic use was associated with higher number of patients per psychiatrist, younger age, living alone, treatment with clozapine, long-acting injectable (LAI) antipsychotics, antidepressants and anticholinergic medications, more hospital admissions, and higher Positive and Negative Syndrome Scale, and lower Global Assessment of Function scores. 10, 11 Antipsychotic combinations are associated with high adverse effect burden (Parkinsonian adverse effects, hyperprolactinemia, sexual dysfunction, hypersalivation, sedation, cognitive impairment, and diabetes) but are often prescribed because of possible pharmacodynamic rationale, including optimizing dopamine D2 receptor occupancy, achieving a broad receptor coverage, and minimizing adverse effects from high dose of a single drug. 1, 13 Beyond consistent association with inpatient treatment, [10] [11] [12] longitudinal progression of antipsychotic treatment leading to initiation of CA (rather than switching over to another antipsychotic or clozapine) is poorly understood. A chart review of 100 antipsychotic naive outpatients with schizophrenia in Japan showed that, over 2 years, 17.8% of patients were placed on CA after a median of 84 days after the initiation of monotherapy and, in many cases (47.4%), before a presumably full effective dose was achieved. 14 There is limited information about the outcome of switching from CA to monotherapy. In a case study of 25 patients on CA who were switched to monotherapy, Suzuki et al 15 reported significant reduction in antipsychotic dose, lower number of total psychotropic medications, and progress towards discharge. Essock et al 16 studied the effectiveness of switching from CA to antipsychotic monotherapy in people with schizophrenia over 6 months and found that patients randomized to monotherapy discontinued treatment (ie, switched to another monotherapy agent or returned to antipsychotic polypharmacy) significantly sooner than those who remained on CA. However, the 69% of study participants who switched and remained on monotherapy lost weight (0.5 body mass index units on average) and their symptoms and number of hospitalizations were not significantly different from the CA group. In a meta-analysis of 1216 patients on CA performed by Correll et al, 17 antipsychotic polypharmacy was more effective than monotherapy and more patients dropped out in the monotherapy groups than in the polypharmacy groups. This was particularly the case when treatment lasted longer than 10 weeks, when one of the antipsychotics was clozapine, and when treatment was initiated simultaneously with both antipsychotics in the combination, rather than a second antipsychotic being added owing to lack of response. In summary, although there is evidence of increased risk of adverse effects and consistent association with inpatient admission, the practice of combining antipsychotics is broadly used and appears to be effective in a group of patients who are sicker, but not clearly recognized as having "treatment refractory" schizophrenia.
To elucidate the long-term outcome of switching from CA to monotherapy, we performed an exploratory analysis of the National Institutes of Health data set from the Preventing Relapse in Schizophrenia: Oral Antipsychotics Compared with Injectables: Evaluating Efficacy (PROACTIVE) study, 18 which followed 305 patients with schizophrenia and schizoaffective disorder for up to 30 months after randomization to LAI risperidone or any second-generation oral antipsychotic (OA) chosen by their treating physician to assess relapse prevention and course of clinical outcome. The primary outcome of the study was time to first relapse, defined as substantial clinical deterioration, increase in level of care or psychiatric hospitalization. PROACTIVE's pragmatic elements, that is, acceptance of patients on LAI antipsychotics, OA, or CAs at baseline, flexibility in allowing clinician's expertise in implementing the intervention (type and dose of OA, dose of LAI risperidone), inclusion of new antipsychotics as they entered the market, inclusion of all patients in the analysis through intent to treat and survival analysis, and the long duration of the study (up to 30 months), allowed for an analysis of the patients who entered the study on CA. 18 The goal of our exploratory analysis was to examine the effects of medication status (CA, OA, and LAI) at study entry on outcomes and to evaluate whether that status moderated the effect of being randomized to second-generation OA or LAI risperidone microspheres monotherapy. This secondary analysis study is hypothesis-generating and has limitations because the patient assignment to these groups was not randomized or blinded. Based on clinical experience (A. F.), we expected that patients receiving CA would be the most impaired clinically and those receiving LAI would be the least impaired. Furthermore, we expected that, when treated with LAI risperidone microspheres monotherapy, patients on CA would do better than those who entered the study on antipsychotic monotherapy, because nonadherence might have contributed to their clinical presentation at study entry, whereas LAI patients switched to oral monotherapy would do worse.
MATERIALS AND METHODS
This secondary analysis of the limited access data set distributed from the National Institutes of Health-supported PROAC-TIVE study was approved by the Florida International University Institutional Review Board as exempt. Details about the inclusion and exclusion criteria and the methodology used to establish relapse in the PROACTIVE study were described elsewhere. 18 Based on the antipsychotic medication prescribed at study entry, the 305 patients with schizophrenia and schizoaffective disorder in the PROAC-TIVE study were divided into the following groups: (1) LAI, first-or second-generation LAI (n = 20); (2) OA, any single OA (n = 206); and (3) CA, combination of 2 or more antipsychotics (n = 50). Consistent with the PROACTIVE study medication manual, which allowed quetiapine up to 200 mg daily to be added to the randomization antipsychotic to facilitate sleep, patients who were taking quetiapine up to 200 mg daily in addition to another antipsychotic at study entry were included in the OA or LAI, rather than the CA group. Data were analyzed separately for each of the following clinical measures: Brief Psychiatric Rating Scale (BPRS) 19 anxiety depression, BPRS activation excitement, BPRS psychosis cluster, BPRS anergia (negative symptoms), BPRS total score, and Scale of Functioning 20 overall level of function. Comparisons were made in terms of these outcomes among the 3 groups. Because of the extreme skewness in the clinical measures data, nonparametric methods based on ranks were used for analysis. For each outcome, the 3 groups were compared at baseline and at study endpoint using the Kruskal-Wallis test, followed by nonparametric pairwise comparisons comparing LAI versus OA, LAI versus CA, and OA versus CA. In addition, to account for any baseline differences among groups, "change scores" were calculated for each outcome for each subject. These were defined in terms of improvement in the clinical measure between baseline and study endpoint, so that a positive value indicated that the patient improved in terms of that clinical measure, whereas a negative value indicated that the patient worsened. The KruskalWallis test, together with nonparametric pairwise comparisons, was then used to compare the 3 groups in terms of improvement in the clinical measures over the course of the study. The χ 2 test was used to compare the 3 groups in terms of the percentage in each group who experienced a relapse. The Kaplan-Meier method was used to construct survival curves for time until first relapse in the 3 groups, and the log-rank test was used to perform a comparison of the groups in terms of overall "survival." The log-rank test with Bonferroni adjustment was used to perform pairwise comparisons among the 3 groups in terms of time to relapse. The Kruskal-Wallis test was used to compare the 3 groups in terms of baseline patient characteristics measured as continuous or ordinal variables (eg, age, education), and the χ 2 test was used to compare the 3 groups in terms of patient characteristics measured as nominal variables (eg, race). Any characteristics that differed significantly between groups at baseline were considered for possible inclusion as confounders in the group comparisons of the clinical measures and time until first relapse. Unless otherwise specified, 2-tailed tests with a significance level of 0.05 were used. Summary statistics for continuous and ordinal variables are given as mean ± SD and as percentages for nominal variables. All statistical analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, 2012) and IBM SPSS Statistics, version 21 (IBM Corp, 2012). A power calculation indicated that the observed sample sizes (LAI, n = 20; OA, n = 206; CA, n = 50) would yield 80% power for detecting an effect size of 0.19 when comparing the 3 groups in terms of a continuous outcome (eg, any of the BPRS subscales) using the Kruskal-Wallis test, or when comparing the groups in terms of a nominal outcome (eg, relapse) using the χ 2 test, with a significance level of 0.05. An effect size of 0.19 is classified as "small to medium" according to the Cohen criteria. Table 1 , 50 study participants (18%) were prescribed CA, 206 were prescribed OA, and 20 were prescribed LAI, for a total of 276 included in the present analysis. Patients who were not taking an antipsychotic at study entry (13) or those with missing medication data (16) were not included in the analysis. Risperidone was the most frequently prescribed drug in all 3 groups (CA, OA, and LAI) at study entry. The most frequent antipsychotic combinations were risperidone and quetiapine (10) and risperidone and olanzapine (7) . Four patients were taking 3 antipsychotics at study entry (all antipsychotic combinations are shown in Supplemental Digital Content 1, Supplementary Table 1, http://links.lww.com/JCP/A462). The patient characteristics at baseline are summarized in Supplemental Digital Content 2, Supplementary (http://links.lww.com/JCP/A463). The only significant differences when comparing the 3 groups of patients were for age at study entry (P = 0.039) and number of hospitalizations before baseline (P = 0.011). There were no significant pairwise comparisons among the age groups; however, the OA group had significantly fewer hospitalizations than the CA group (P = 0.009). Slightly more than 50% of both the LAI and CA groups were randomized to LAI risperidone (Supplemental Digital Content 2, Supplementary Table 2, http://links.lww.com/JCP/ A463), but the 3 groups did not differ significantly in percent randomized. In regards to clinical measures data at baseline and endpoint (see Supplemental Digital Content 3, Supplementary Table  3 , http://links.lww.com/JCP/A464), the only significant difference at baseline was for BPRS anxiety/depression (P = 0.009). Both the OA group (P = 0.018) and the CA group (P = 0.012) had significantly more anxiety/depression than the LAI group, but the OA and CA groups were not significantly different. At endpoint, BPRS psychosis cluster (P = 0.049), BPRS anergia (negative symptoms) (P = 0.044), and BPRS total score (P = 0.002) differed significantly among the groups. For BPRS total score, the CA group was significantly worse than the OA group (P = 0.003). For BPRS psychosis cluster and BPRS anergia (negative symptoms), there were no significant pairwise differences at the 0.05 level. With regard to improvement in clinical outcome (defined in terms of change scores), the only significant difference when comparing the 3 groups in terms of improvement was for BPRS anxiety/depression (P = 0.009). There was significantly less improvement in BPRS anxiety/depression in the LAI group than in the OA group (P = 0.009) (see Table 2 ). Of the 17 patients in the LAI group for whom relapse data were available, 9 (53%) suffered a relapse during the study. In the OA and CA groups, the percentages were 52% (102/195) and 68% (32/47), respectively. The χ 2 test indicated no significant difference among the groups in terms of relapse rate (χ 2 2 = 3.85, P = 0.146). However, the logrank test did indicate a significant difference among the 3 groups in terms of overall time to first relapse (mean time to first relapse was 594 days in LAI group, 562 in OA group, and 409 days in CA group; log-rank χ 2 2 = 6.81, P = 0.033). Bonferroni pairwise comparisons indicated that the overall time to relapse was significantly longer in the OA group than in the CA group (P = 0.011). The survival curves for time until first relapse for the 3 groups are shown in Figure 1 . Cox regression was used to model the time until relapse as a function of group (OA vs CA only), and the only potential confounding variable that differed significantly between the OA and CA groups was number of hospitalizations before baseline (see Supplemental Digital Content 4, Supplementary Table 4 , http://links.lww.com/JCP/A465). Risk of relapse was significantly associated with group (hazard ratio, 1.669; P = 0.012) and number of hospitalizations (hazard ratio, 1.013; P = 0.012). However, after adjusting for number of hospitalizations, group was no longer significant (hazard ratio, 1.541; P = 0.052), just barely missing the usual 0.05 cutoff for statistical significance. The results for number of hospitalizations were not materially affected by adjusting for group. We performed further analysis to incorporate the treatment group as randomized (OA vs. risperidone microspheres) into the comparison of the CA and OA groups; the Kaplan-Meier plots did not change materially when we stratified by treatment group.
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RESULTS
As shown in
DISCUSSION
As predicted, there was a significant difference in patients' number of hospitalizations at baseline as a function of antipsychotic medication status; patients on oral monotherapy had significantly fewer hospitalizations than those on CA at study entry. Once patients entered the study, there was a difference in time to relapse among the groups (mean time to first relapse for people on CA at baseline was 409.5 days vs those on OA, 562.8 days, and those on LAI, 594 days). However, after adjusting for the number of prior hospitalizations, the difference between the OA and the CA groups in terms of time to first relapse was no longer significant. The pragmatic nature of PROACTIVE, which included patients on monotherapy, those on CA, and patients on no antipsychotics at study baseline, allowed us to perform a secondary analysis to create a "switch trial" of antipsychotic combinations to monotherapy. Among CA patients, who entered the 30-month PROACTIVE study with a history of significantly more hospitalizations, randomization to oral or LAI monotherapy did not have a significant effect. Based on our exploratory analysis, caution must be taken when switching from antipsychotic polypharmacy to monotherapy. This study confirms the findings of Essock et al 16 in a sample of patients followed for up to 30 months, and it appears to validate the clinical decision-making of the treating physicians, although our symptom rating scales did not reflect greater severity of illness in the patients on CA. Beyond the general acceptance of the fact that patients who are treated with antipsychotic combinations represent a vulnerable group, clinical guidance for treating this group of patients is lacking. Studies are warranted to explore whether psychosocial intervention to help patients recognize relapse, or early introduction of clozapine, could be effective in breaking the cycle of relapse in this patient group. In addition, systematic investigation of combinations of antipsychotics carefully selected to augment each other's pharmacodynamic profile and avoid exacerbating adverse effects in patients who do not respond to one antipsychotic appears necessary to further validate and guide clinical practice.
Our study had substantial limitations, as expected in any secondary data analysis. The groups that we compared were defined by medication status at PROACTIVE study entry, rather than by randomization, and the CA and LAI groups were relatively small. Further, once patients entered the study, clinicians treating those randomized to second-generation OAs were allowed to make medication changes as dictated by the patient's clinical status, whereas the patients in the LAI group could only have dose adjustments or leave treatment if LAI risperidone needed to be discontinued. Therefore, the differences between groups could have been confounded by these factors.
In conclusion, there was a significant difference in subjects' number of prior hospitalizations at baseline, with the highest number in the group taking CAs. People on CAs at baseline relapsed considerably sooner than those on oral and those on LAI antipsychotics when switched to antipsychotic monotherapy, although this difference was not statistically significant when we adjusted for the number of hospitalizations at baseline. Within the limitations described, our analysis confirms the clinical experience that being on 2 or more antipsychotics indicates greater risk of relapse and predicts earlier relapse in schizophrenia. Treatment guidance for this group of patients still needs to be established.
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